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,QWURGXFWLRQ
1DWXUDO JDV LV DQ LPSRUWDQW HQYLURQPHQW IULHQGO\ HQHUJ\ IRUGHFUHDVLQJSROOXWLRQ DQGPDLQWDLQLQJ DFOHDQ DQG
KHDOWK\HQYLURQPHQW,WVDSSOLFDWLRQVFDQVHUYHWRUHGXFHKDUPIXOSROOXWLRQOHYHOVIURPRWKHUIRVVLOIXHOV$VWRWKH
WUDQVSRUWDWLRQ RI QDWXUDO JDV WKHUH DUH RQO\ WZR FRPPHUFLDOO\ SURYHQ FRQFHSWV²SLSHOLQHV DQG /1* +RZHYHU
WKHUH DUHPDQ\ ODUJH QDWXUDO JDV UHVHUYHV WKDW QRW ORFDWHG QHDU WKH QDWXUDOJDVGHPDQGPDUNHWV ,W LV FRQVLGHUHG
³VWUDQGHG´ZKLFKLVGHILQHGDVJDVUHVHUYRLUIUDFWLRQVWKDWSUHYHQWWKHLUGHYHORSPHQWRURSWLPDOSURGXFWLRQIURPDQ
RLO RU JDV ILHOG1HLWKHU SLSHOLQH QRU/1* WUDQVSRUWDWLRQ WHFKQLTXHV FDQ HFRQRPLFDOO\ H[SORLW WKHVH VWUDQGHG JDV
UHVHUYHV 7KH FRPSUHVVHG QDWXUDO JDV &1* PDULQH WUDQVSRUWDWLRQ FRQFHSW LV RQH RI WKH PRVW GHYHORSHG DQG
SURPLVLQJQDWXUDOJDVWUDQVSRUWDWLRQFRQFHSWVWKDWLVQRW\HWFRPPHUFLDOL]HG>@


)LJ,OOXVWUDWLRQRID[LDOGHIHFWJURZWKVXEMHFWHGWRPDLQO\F\FOLFLQWHUQDOSUHVVXUL]DWLRQDQGDVVRFLDWHG-7FRROLQJ
'XHWRWKHKLJKSUHVVXUHLQVLGH&1*FRQWDLQHUVWKHPRVWFULWLFDOFKDUDFWHULVWLFSUHYLRXVO\XQGLVFRYHUHGLQ&1*
V\VWHPVZLWKOHDNDJHLVWKH-RXOH7KRPVRQ-7HIIHFW$WURRPWHPSHUDWXUHDOOJDVHVH[FHSWK\GURJHQKHOLXPDQG
QHRQFRROXSRQH[SDQVLRQE\WKH-RXOH7KRPVRQSURFHVV>@)RU&1*V\VWHPZLWKOHDNDJHRQWKHFRQWDLQHUZDOO
WKHWHPSHUDWXUHRIOHDNLQJ&1*JDVZLOOGURSGXHWR-RXOH7KRPVRQFRROLQJHIIHFWZKHQ&1*JDVSDVVHVWKURXJK
WKHFUDFNWKXVFKLOOLQJWKHYHVVHOZDOOLQWKHYLFLQLW\RIFUDFNDQGUHGXFLQJIUDFWXUHWRXJKQHVVRIWKHZDOO7KLVPD\
SXVKWKHWUDQVLWLRQRISUHYLRXVO\VWDEOHFUDFNSURSDJDWLRQWREHFRPHFULWLFDOOHDGLQJWRLWVUDSLGJURZWK$VVKRZQLQ
)LJ  SURSRVHG LQ D SURSRVDO RI WKLV UHVHDUFK WKH LQLWLDO GHIHFW FRQWLQXHV WR SURSDJDWH WLOO LW SHQHWUDWHV WKHZDOO
WKLFNQHVVZKLFKUHVXOWVLQDOHDN$FFRUGLQJWR3DULVFUDFNJURZWKODZGXULQJWKLVLQLWLDOSKDVHRIVXEFULWLFDOFUDFN
JURZWK HDFK DGYDQFH RI WKH FUDFN IURQW FRUUHVSRQGV WR ORDGLQJXQORDGLQJ F\FOHV RI SUHVVXUL]DWLRQ 7ZR
LQWHUUXSWLRQVWRWKLVVWHDG\SURJUHVVFDQRFFXU)LUVWO\WKHSRVVLELOLW\RIUDSLGXQVWDEOHFUDFNJURZWKZKLFKRFFXUV
ZKHQWKHVWUHVVLQWHQVLW\H[FHHGVWKHIUDFWXUHWRXJKQHVVRIWKHPDWHULDOWKHFUDFNZLOOSHQHWUDWHWKHZDOOWKLFNQHVVLQ
DQLQVWDQW6HFRQGO\WKHUHPDLQLQJOLJDPHQWRIPDWHULDOEH\RQGWKHFUDFNIURQWLVVXEMHFWHGWRDKLJKWHQVLOHVWUHVV
7
&LLQLWLDOGHIHFWOHQJWK
&SSHQHWUDWLQJOHDNDJH
&VVWDEOHJURZWK
&GLQWHUQDOGHWHFWDEOHOHDN
&MW7KUX
ZDOOFULWLFDOOHQJWKZLWK-7FRROLQJ
&J7KUX
ZDOOFULWLFDOOHQJWKZLWKRXW-7
&O([WHUQDOGHWHFWDEOHOHDN
/RQJ3LSHFRQWDLQLQJ&1*ZLWKD[LDOGHIHFW
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OHDGLQJWRWHQVLOH\LHOGLQJRUSODVWLFLQVWDELOLW\DQGLQVWDQWDQHRXVUXSWXUHRIWKHOLJDPHQW)DLOXUHRIWKHOLJDPHQWFDQ
WKHUHIRUHRFFXUE\HLWKHUIUDFWXUHRUSODVWLFLQVWDELOLW\%H\RQGWKLVVWDJHDWKURXJKZDOOWKLFNQHVVFUDFNLVFUHDWHG
ZLWKUHVXOWLQJOHDNDJHRIWKHJDV+RZHYHUWKHVPDOOOHDNDWWKLVSRLQWPD\EHWRRVPDOOWREHGHWHFWDEOH7KHFUDFN
FRQWLQXHVWRJURZLQDVWDEOHPRGH&VSURYLGHGLWVOHQJWKLVOHVVWKDQWKHFULWLFDOFUDFNOHQJWK&J7KHLQWHUQDO
&G DQG H[WHUQDO FUDFN OHQJWKV &O DUH HQODUJHG DQG OHDNDJH IORZ UDWH LQFUHDVHV WR WKH SRLQWZKHUH LW LV QRZ
GHWHFWDEOH7KHPDLQFKDUDFWHULVWLFRIVDIH/%)WHFKQRORJ\LVWKHGHYHORSPHQWRIDVPDOOVWDEOHOHDNZKLFKFDQEH
VDIHO\GHWHFWHGZHOOEHIRUHLQVWDELOLW\7KHFUDFNFRQWLQXHVWRJURZRXWZDUGIURP&GDQGDSSURDFKHVWKHFULWLFDO
OHQJWKRI&J2QUHDFKLQJWKHFULWLFDOOHQJWKXQVWDEOHDQGUDSLGJURZWKZLOORFFXUFDXVLQJWKHSLSHZLOOEXUVWRSHQ
ORQJLWXGLQDOO\+RZHYHU-7FRROLQJLQWHUYHQHVWRUHGXFHWKHWHPSHUDWXUHRIWKHPHWDODQGLWVIUDFWXUHWRXJKQHVV.F
DVZHOODVWKHSODVWLF\LHOGVWUHQJWK7KHUHGXFWLRQLQSURSHUWLHVUHGXFHVWKHFULWLFDOFUDFNOHQJWKWR&-7ZKLFKZLOO
EHVKRUWHUWKDQWKHFULWLFDOFUDFNOHQJWK&JZLWKRXW-7FRROLQJ+HQFH-7FRROLQJHIIHFWUHGXFHVWKHWLPHWRUHVSRQG
WROHDNDJHDQGWKHPDUJLQWRIDLOXUH7KLVSDSHUDLPVWRVWXG\ZKHWKHUWKHOHDNEHIRUHEUHDNFRQFHSWLVVDIHRUQRW
VDIHZLWKWKH-7FRROLQJHIIHFWIRUDVSHFLILFFDVH
6XPPDU\RIH[SHULPHQWDOZRUN

)LJ6HWXSRIWKH-7WHVWV\VWHP
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$Q H[SHULPHQWDO VWXG\ RI WKH -7 HIIHFWZDV FRQGXFWHG E\$L HW DO>@ZLWK DUJRQ JDV$ SUHVVXUH YHVVHOZDV
GHVLJQHGDQGIDEULFDWHGDFFRUGLQJWR$60(%RLOHUDQG3UHVVXUH9HVVHO&RGH6HFWLRQ9,,,'LYLVLRQDQG6HFWLRQ,,
3DUW'>@DVVKRZQLQ)LJ7KHWHVWSODWHFRQWDLQLQJDQDUWLILFLDOEXWUHDOLVWLFFUDFNZDVFODPSHGEHWZHHQWKH
XSSHUDQG ORZHUIODQJHVRI WKHSUHVVXUHYHVVHO7KHDUWLILFLDOFUDFNZDVPDGHE\ILUVWPDFKLQLQJDEORFNRIVWHHO
WKHQTXHQFKLQJLQOLTXHILHGQLWURJHQEHIRUHFUDFNLQJLQDWKUHHSRLQWEHQGULJDVVKRZQLQ)LJ7KHFUDFNHGSLHFHV
ZHUHPDWHGDQGZHOGHGWRJHWKHULQWRWKHVORWPDFKLQHGLQWKHWHVWSODWH7KHUHVXOWLVWLJKWO\ILWWLQJUHDOLVWLFFUDFN
OLNHOHDNSDWKDVVKRZQLQ)LJ,QWKH-RXOH7KRPVRQH[SHULPHQWKLJKSUHVVXUHJDVZDVDOORZHGWROHDNWKURXJK
WKHFUDFNLQWKHWHVWSODWHE\WDSSLQJWKHKLJKSUHVVXUHJDVLQWRWKHSUHVVXUHYHVVHO7HPSHUDWXUHLQWKHYLFLQLW\RIWKH
FUDFN DQG SUHVVXUH LQVLGH WKH SUHVVXUH YHVVHO ZHUH PHDVXUHG E\ WKHUPRFRXSOHV DQG D GLJLWDO SUHVVXUH JDXJH
UHVSHFWLYHO\7KHVXUIDFHURXJKQHVVRIWKHVXUIDFHVRIFUDFNZDVPHDVXUHGE\WKHVXUIDFHPHWURORJ\WREHP
7KHFUDFNZLGWKLHWKHFUDFNRSHQLQJGLVSODFHPHQWZDVPHDVXUHGE\IHHOHUJDXJHWREHPP

 

)LJ)DEULFDWLRQSURFHVVRIFUDFNHGWHVWEORFNV


D7KHFUDFNHGWHVWEORFNSODFHGLQWRWKHWHVWSODWHEHIRUHZHOGLQJ E7KHWHVWEORFNZHOGHGLQWRWKHWHVWSODWH
)LJ7KHWHVWEORFNZHOGHGLQWRWKHWHVWSODWHDEHIRUHZHOGLQJEDIWHUZHOGLQJ
&UDFNHGWHVWEORFNVDWWDFKHGWRJHWKHU
+\GUDXOLFDQYLO
7HVWSODWH
)UR]HQVWHHOEORFN
1DUURZQRWFKIDFLQJGRZQZDUG
7KURXJKWKLFNQHVVFUDFN
7KHUPRFRXSOHKROHV
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6WRSJDVVXSSO\

)LJ7HPSHUDWXUHFKDQJHVLQKRUL]RQWDOGLUHFWLRQWRWKHFUDFNOLQHRQWKHRXWVLGHVXUIDFHRIWKHWHVWSODWH
WKHPLVVLQJ+DQG+UHIHUWRWKHEURNHQWKHUPRFRXSOHV
,Q WKLV H[SHULPHQW WKHPD[LPXPSUHVVXUH RI DUJRQ UHDFKHV LQ WKH SUHVVXUH YHVVHO LV EDU7KH WHPSHUDWXUH
FKDQJHV RQ WKH RXWVLGH VXUIDFH RI WHVW SODWH LQ KRUL]RQWDO GLUHFWLRQ WR WKH FUDFN OLQH DUH VKRZQ LQ)LJ $IWHU
LQYHVWLJDWLRQDQGDQDO\VLVLWLVIRXQGWKDWWKHWHPSHUDWXUHULVHRQWKHVXUIDFHRIWKHWHVWSODWHDWWKHEHJLQQLQJRIWKH
H[SHULPHQWLQ)LJLVFDXVHGE\WKHWHPSHUDWXUHLQFUHDVHRIWKHJDVLQVLGHWKHSUHVVXUHYHVVHO7KHUHDVRQIRUWKH
WHPSHUDWXUHULVHLVDVIROORZV$WWKHEHJLQQLQJRIWKHH[SHULPHQWKLJKSUHVVXUHJDVZDVWDSSHGLQWRWKHSUHVVXUH
YHVVHOZKLOHWKHOHDNDJHZDVQHJOLJLEOHGXHWRWKHORZHUSUHVVXUHLQVLGHWKHSUHVVXUHYHVVHO$WWKLVWLPHWKHVKDUS
LQFUHDVHRIWKHSUHVVXUHLQVLGHWKHSUHVVXUHYHVVHODFFRXQWVIRUWKHULVHRIJDVWHPSHUDWXUHZKLFKFDQEHH[SODLQHGE\
WKHILUVWODZRIWKHUPRG\QDPLFV7KHJDVZDUPLQJHIIHFWGLVDSSHDUHGZKHQWKHSUHVVXUHLQVLGHWKHSUHVVXUHYHVVHO
WHQGHGWREHVWDEOH$WWKHVDPHWLPHWKH-7FRROLQJHIIHFWRFFXUUHGGXULQJJDVOHDNLQJWKURXJKWKHFUDFNEHJDQWR
GRPLQDWHWRFRROWKHVXUURXQGLQJPHWDO,W LVQRWLFHGWKDWWKHUHLVDVLJQLILFDQWWHPSHUDWXUHGURSGXULQJWKLVVWDJH
'XULQJ WKH WHPSHUDWXUH VWDEOH VWDJH EHWZHHQ±V WKH WHPSHUDWXUHRI WKHPHWDO LQFUHDVHVVOLJKWO\DV WKH
SUHVVXUH LQ JDV VXSSO\ FRQWDLQHUV UHGXFHV JUDGXDOO\ *DV VXSSO\ ZDV VWRSSHG DIWHU ILQLVKLQJ WKH WHVW WKH PHWDO
WHPSHUDWXUHGHFUHDVHGDEUXSWO\ZLWKWKHVKDUSGHFUHDVHGSUHVVXUHLQWKHSUHVVXUHYHVVHO
6LPXODWLRQRIWKHWHPSHUDWXUHDQGVWUHVVRIWKHWHVWSODWHXQGHUWKHSUHVVXUHRIEDU
7KHPRGHOOLQJDQGFDOFXODWLRQSURFHGXUHVIRUWKHWHPSHUDWXUHRIWKHWHVWSODWHDUHVLPLODUWRWKDWGHVFULEHGLQWKH
SDSHURI$LHWDO>@7KHRQO\GLIIHUHQFHLVWKDWWKHSUHVVXUHLQVLGHSUHVVXUHYHVVHOLVFKDQJHGWREDU7KHUHIRUH
WKHIROORZLQJRQO\VKRZVWKHUHVXOWVZKLFKDUHGLIIHUHQWIURPWKDWSDSHU7KHFUHDWLRQRIPRGHOVDQGWKHFDOFXODWLRQ
SURFHGXUHVRIJDVSURSHUWLHVZRQ¶WEHUHSHDWHGKHUH
3.1. Evaluation of the properties of leaking argon through a crack under the internal pressure of 250 bar 
7DEOH VKRZVFUDFNJHRPHWU\SDUDPHWHUV DQG LQLWLDO VWDWHSDUDPHWHUVRI DUJRQJDV LQVLGH WKHSUHVVXUHYHVVHO
%HFNHWDO>@VWDWHGWKDWFRPSDULVRQZLWKH[SHULPHQWDOUHVXOWVLQGLFDWHVWKDWLQWKHDEVHQFHRISURSHUPHDVXUHPHQW
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WKHYDOXHRIʌIRUFUDFNVXUIDFHDQJOHLVUHDVRQDEOH$QGWKHFDOFXODWLRQUHVXOWVLQ0$7/$%DUHQRWVHQVLWLYHWR
WKHYDOXHRIFUDFNVXUIDFHDQJOHĮ7KHUHIRUHWKHYDOXHRIʌLVVHOHFWHGDVWKHFUDFNVXUIDFHDQJOH
7DEOH&UDFNJHRPHWU\SDUDPHWHUVDQGLQLWLDOVWDWHSDUDPHWHUVRIDUJRQJDVLQVLGHWKHSUHVVXUHYHVVHO
,QSXWSDUDPHWHUV 'HVFULSWLRQ 9DOXHV
p ,QLWLDOJDVSUHVVXUHLQVLGHWKHSUHVVXUHYHVVHO EDU
T ,QLWLDOJDVWHPSHUDWXUHLQVLGHWKHSUHVVXUHYHVVHO &
W
F
 &UDFNZLGWK PP
5
JOREDO
 *OREDOURXJKQHVV ȝP
Į &UDFNVXUIDFHDQJOH ʌ
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)LJ7KHKHDWWUDQVIHUFRHIILFLHQWRIOHDNLQJDUJRQWKURXJKDFUDFN
)LJXUH  VKRZV WKH SUHVVXUH GLVWULEXWLRQ RI OHDNLQJ DUJRQ WKURXJK D FUDFN ,W LV LQGLFDWHG WKDW WKH SUHVVXUH
GHFUHDVHVUDSLGO\DORQJWKHFUDFNWKURXJKZDOOSRVLWLRQIURPLQVLGHWRRXWVLGHWKHSUHVVXUHYHVVHO7KHSUHVVXUHRI
OHDNLQJDUJRQGURSVIURPEDUDWWKHHQWUDQFHRIWKHFUDFNWREDUDWWKHH[LWRIWKHFUDFN7KHWRWDOSUHVVXUH
GURSRIOHDNLQJDUJRQWKURXJKWKHFUDFNLVEDU7KHILWWHGSUHVVXUHIRUPXODS îHz]LVWKHFUDFN
GHSWKGLUHFWLRQLVXVHGDV WKHERXQGDU\FRQGLWLRQRQ WKHFUDFNVXUIDFH LQ WKH VWUXFWXUDOPHFKDQLFVPRGXOH LQ WKH
VLPXODWLRQEHORZ
7KH WHPSHUDWXUH RI OHDNLQJ DUJRQ WKURXJK D FUDFN LV LOOXVWUDWHG LQ)LJ  ,W LV QRWLFHG WKDW WKH WHPSHUDWXUH RI
OHDNLQJ DUJRQ IDOOV UDSLGO\ DORQJ WKH FUDFN WKURXJKZDOO SRVLWLRQ IURP LQVLGH WR RXWVLGH WKH SUHVVXUH YHVVHO 7KH
WHPSHUDWXUHRI OHDNLQJDUJRQIDOOV IURP q&DW WKHHQWUDQFHRI WKHFUDFN WR q&DW WKHH[LWRI WKHFUDFN7KH
ILWWHGWHPSHUDWXUHIRUPXOD7 îxxx]LVWKHFUDFNGHSWKGLUHFWLRQLVXVHGDV
ERXQGDU\FRQGLWLRQRQWKHFUDFNVXUIDFHLQWKHKHDWWUDQVIHUPRGXOHLQWKHVLPXODWLRQEHORZ
6LPXODWLRQ7KHKHDWWUDQVIHUFRHIILFLHQWRIOHDNLQJDUJRQWKURXJKDFUDFNLVVKRZQLQ)LJ,WLVLQGLFDWHGWKDW
WKHKHDWWUDQVIHUFRHIILFLHQWRIOHDNLQJDUJRQGHFUHDVHVTXLFNO\DORQJWKHFUDFNWKURXJKZDOOSRVLWLRQIURPLQVLGHWR
RXWVLGHWKHSUHVVXUHYHVVHO7KHKHDWWUDQVIHUFRHIILFLHQWRIOHDNLQJDUJRQGHFUHDVHVIURPî:PÂ.DWWKH
HQWUDQFHRIWKHFUDFNWRî:PÂ.DWWKHH[LWRIWKHFUDFN7KHILWWHGKHDWWUDQVIHUFRHIILFLHQWIRUPXODh 
îHz]LVWKHFUDFNGHSWKGLUHFWLRQLVXVHGDVERXQGDU\FRQGLWLRQRQWKHFUDFNVXUIDFHLQWKHKHDWWUDQVIHU
PRGXOHLQWKHIROORZLQJVLPXODWLRQ
3.2. of the temperature and stress of the test plate under the pressure of 250 bar 
7KH VLPXODWLRQ LQFOXGHV WZR DSSOLFDWLRQPRGHV D KHDW WUDQVIHU DSSOLFDWLRQ PRGH DQG D VWUXFWXUDO PHFKDQLFV
DSSOLFDWLRQPRGH7KH7KHUPDO6WUXFWXUH,QWHUDFWLRQSUHGHILQHGPXOWLSK\VLFVFRXSOLQJIURPWKH0RGHO1DYLJDWRULQ
&2062/ SURJUDP LV VHOHFWHG DV WKH DSSOLFDWLRQPRGHV ,Q WKLV FDVH ERWK DSSOLFDWLRQPRGHV DUH DXWRPDWLFDOO\
DGGHGWRWKHPRGHODQGWKHFRXSOLQJLVIDFLOLWDWHGE\WKHWHPSHUDWXUHYDULDEOHZKLFKLVDXWRPDWLFDOO\GHILQHGDVWKH
WHPSHUDWXUHIRUWKHUPDOORDGLQWKHVWUXFWXUDOPHFKDQLFVDSSOLFDWLRQPRGH$WWKHVDPHWLPHWKHSUHVVXUHVLQVLGHWKH
SUHVVXUHYHVVHODQGWKHFUDFNVXUIDFHVDUHGHILQHGDVWKHIDFHORDGVRQWKHLQWHUQDOIDFHRIWKHWHVWSODWHDQGWKHFUDFN
VXUIDFHVLQWKHVWUXFWXUDOPHFKDQLFVDSSOLFDWLRQPRGH
'XH WR WKH VWUXFWXUDO V\PPHWU\ RQO\ D 'TXDUWHUPRGHO UDGLXV P RI WKH WHVW SODWH LV VLPXODWHG$
WKUHHGLPHQVLRQDO TXDUWHU PRGHO LV VKRZQ LQ )LJ  7KH GHWDLOHG SK\VLFDO PHFKDQLVP DERXW WKH VLPXODWLRQ LV
LOOXVWUDWHGLQ)LJ
1350   G. Ai and Y.H. Liu /  Procedia Engineering  130 ( 2015 )  1343 – 1358 

)LJ4XDUWHUPRGHORIWKHWHVWSODWH

)LJ6FKHPDWLFRIVLPXODWLRQPRGHO
3.2.1 Material property 
7KHPDWHULDOXVHGLQWKLVPRGHOLV6WHHO$,6,LQ&2062/0DWHULDOVOLEUDU\ZKLFKKDVVLPLODUSURSHUWLHVWR
WKDWRIWKHVWHHOXVHGLQWKHSUHYLRXVH[SHULPHQW7KHPDWHULDOSURSHUWLHVDUHOLVWHGLQ7DEOH
7DEOH3URSHUWLHVRIWKHWHVWSODWH¶VVWHHO
3DUDPHWHU 9DOXH
+HDWFDSDFLW\DWFRQVWDQWSUHVVXUH >-NJÂ.@
<RXQJ
VPRGXOXV H>3D@
7KHUPDOH[SDQVLRQFRHII H>.@
7KHUPDOFRQGXFWLYLW\ >:PÂ.@
3RLVVRQ
VUDWLR 
'HQVLW\ >NJP@

3.2.2 Boundary conditions 
7KHERXQGDU\FRQGLWLRQVLQKHDWWUDQVIHUPRGXOHDQGVWUXFWXUDOPHFKDQLFVPRGXOHDUHVKRZQLQ7DEOH
*DVOHDNLQJRXW
&UDFNVXUIDFH
$WPRVSKHUH
RXWVLGHWKH
SUHVVXUHYHVVHO
q&
+LJKSUHVVXUHJDV
EDULQVLGH
WKHSUHVVXUHYHVVHO
3UHVVXUHYHVVHOZDOO
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7DEOH%RXQGDU\FRQGLWLRQVLQKHDWWUDQVIHUPRGXOHDQGVWUXFWXUDOPHFKDQLFVPRGXOH
%RXQGDULHV

&RQGLWLRQV


+HDWWUDQVIHUPRGXOH


6WUXFWXUDOPHFKDQLFVPRGXOH
 $UFVKDSHGERXQGDU\

WHPSHUDWXUHq& )L[HG
 &UDFNVXUIDFHERXQGDU\

KHDWWUDQVIHUFRHIILFLHQWh 
îHzH[WHUQDOWHPSHUDWXUH7LQI 
îxxx

)UHH/RDGV)[ îHzî
VLQ)\ îHzî
FRV:KHUHDQJOHLVWKH
FUDFNVODQWDQJOH
 ,QQHUVXUIDFHERXQGDU\
WKHVXUIDFHRIWKHWHVW
SODWHWRZDUGVWKH
SUHVVXUHYHVVHO

KHDWWUDQVIHUFRHIILFLHQWIRUFHG
FRQYHFWLRQRQSODWHVLQ&2062/
&RHIILFLHQWVOLEUDU\H[WHUQDO
WHPSHUDWXUHq&
)UHH/RDG)] EDU
 2XWHUVXUIDFHERXQGDU\
WKHVXUIDFHRIWKHWHVW
SODWHWRZDUGVWKH
RXWVLGHRIWKHSUHVVXUH
YHVVHO

KHDWWUDQVIHUFRHIILFLHQWQDWXUDO
FRQYHFWLRQRQSODWHVH[WHUQDO
WHPSHUDWXUHq&
)UHH
 2WKHUVXUIDFHV
ERXQGDULHV
6\PPHWU\ 6\PPHWU\

=
<
;
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3.2.3 Calibration of mesh sensitivity 
&DOLEUDWLRQRIPHVKVHQVLWLYLW\LVVKRZQLQ)LJ7KHHOHPHQWHPSOR\HGLVD'WHWUDKHGUDOPHVKHOHPHQW,Q
KHDW WUDQVIHU PRGXOH WKH W\SH RI HOHPHQW LV OLQHDU /DJUDQJH HOHPHQW ZLWK LQWHJUDWLRQ RUGHU  ,Q VWUXFWXUDO
PHFKDQLFVPRGXOH WKH W\SHRIHOHPHQW LVTXDGUDWLF/DJUDQJHHOHPHQWZLWK LQWHJUDWLRQRUGHU  ,WVKRZV WKDW WKH
ORZHVWWHPSHUDWXUHRIWKHWHVWSODWHDQGWKHPD[LPXP9RQ0LVHVVWUHVVLQWKHYLFLQLW\RIWKHFUDFNDUHDSSURDFKLQJ
VWDEOHDIWHUPHVKQXPEHU&(OHPHQWQXPEHU+LVVHOHFWHGLQWKHSUHVHQWUHVHDUFK7KHHQWLUHPHVK
DQGWKHFORVHXSPHVKDURXQGWKHFUDFNVXUIDFHDUHVKRZQLQ)LJ	)LJUHVSHFWLYHO\
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
)LJ&DOLEUDWLRQRIPHVKVHQVLWLYLW\

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

)LJ0HVKRIWKHWHVWSODWH )LJ&ORVHXSRIWKHPHVKDURXQGWKHFUDFN
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3.3. Simulation results and discussion 
7KH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH WHVW SODWH LV VKRZQ LQ )LJ  ,W LV QRWLFHG WKDW WKH KLJKHVW DQG ORZHVW
WHPSHUDWXUHVRQWHVWSODWHDUH q&DQG q&UHVSHFWLYHO\7KHPD[LPXPWHPSHUDWXUHGURSQHDU WKHFUDFNLV
q&6LQFHLWLVDVWDWLFVLPXODWLRQWKHWHPSHUDWXUHDWWKHHQWUDQFHRIWKHFUDFNVWLOONHHSVDWURRPWHPSHUDWXUH,Q
UHDOG\QDPLFSURFHVVWKLVWHPSHUDWXUHVKRXOGGURSWRDSSURDFKWKHORZWHPSHUDWXUHDWWKHH[LWRIWKHFUDFNE\WKH
KHDWWUDQVIHUIURPWKHOHDNLQJJDVDQGWKHPHWDO

)LJ7KHWHPSHUDWXUHGLVWULEXWLRQLQWKHWHVWSODWH


)LJ$YHUDJHRIIUDFWXUHWRXJKQHVVKTDRI;VWHHOYVVDPSOHWKLFNQHVVB>@
&XUUHQWO\IRUWKH&1*FRQWDLQHUVWKHFRPPRQO\XVHGVWHHOLV;RU;SLSHOLQHVWHHO)RUWKH;SLSHOLQH
VWHHO5HHSPH\HUHWDO>@UHSRUWHGWKDWWKHWHPSHUDWXUHEHORZq&FDQUHVXOWLQWKHHPEULWWOHPHQWRIWKHPDWHULDO
<DQJ HW DO>@ KDV FDUULHG RXW WKH VWXGLHV DERXW WKH LPSDFW RI WKH WHPSHUDWXUH RQ WKH IUDFWXUH WRXJKQHVV RI;
SLSHOLQHVWHHOV7KHLQIOXHQFHRIH[SHULPHQWDOWHPSHUDWXUHWR q&DQGVSHFLPHQWKLFNQHVV±PPRQ
IUDFWXUHWRXJKQHVVLVVKRZQLQ)LJ7KHFUDFNOHQJWKKDVDOVRVRPHLQIOXHQFHRQWKHYDOXHRIIUDFWXUHWRXJKQHVV
DQG -LQWHJUDO )URP WKH DQDO\VLV RI WKH FUDFN PRUSKRORJLHV WKH\ FRQFOXGHG WKDW WKH IUDFWXUH RFFXUUHG DW WKH
WHPSHUDWXUHRIq&DQGq&LVGXFWLOHIUDFWXUH$QGWKHIUDFWXUHRFFXUUHGDWWKHWHPSHUDWXUHRIq&LVEULWWOH
/RZHVWWHPSHUDWXUHRQFUDFN
VXUIDFHq&
7RWDOWHPSHUDWXUHGURSq&
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IUDFWXUH$FFRUGLQJWR<DQJHWDO¶VLQYHVWLJDWLRQLWFDQEHFRQMHFWXUHGWKDWWKHORZHVWWHPSHUDWXUHRI q&LQ
WKH YLFLQLW\ RI FUDFN VLPXODWHG LQ FXUUHQW SDSHU PD\ GHWHULRUDWH LWV IUDFWXUH WRXJKQHVV WR VRPH H[WHQW ,Q WKLV
VLWXDWLRQWKHPDWHULDOPD\EHLQWKHVWDJHRIGXFWLOHEULWWOHWUDQVLWLRQZKLFKFRXOGDIIHFWWKHYDOLGLW\RIOHDNEHIRUH
EUHDNSKLORVRSK\
(YDOXDWLRQRIVWUHVVLQWHQVLW\IDFWRULQWKHYLFLQLW\RIDFUDFNWLS
$FRPPRQSDUDPHWHULQIUDFWXUHPHFKDQLFVWKHVRFDOOHGVWUHVVLQWHQVLW\IDFWRU.,SURYLGHVDPHDQVWRSUHGLFWLI
DVSHFLILFFUDFNZLOOFDXVHWKHSODWHWRIUDFWXUH7KLVFULWLFDOYDOXHRIVWUHVVLQWHQVLW\GHWHUPLQHGE\0RGH,ORDGLQJ
LQSODQHVWUDLQLVUHIHUUHGWRDVWKHIUDFWXUHWRXJKQHVV.,&RIWKHPDWHULDO:KHQWKHFDOFXODWHGYDOXHRIWKHVWUHVV
LQWHQVLW\ IDFWRU ., EHFRPHV HTXDO WR WKH IUDFWXUH WRXJKQHVV RI WKH PDWHULDO .,& WKHQ IDVW XVXDOO\ FDWDVWURSKLF
IUDFWXUHRFFXUV>@
4.1. Mathematical relations 
,QWKLVPRGHOWKHVWUHVVLQWHQVLW\IDFWRU.,LVGHWHUPLQHGXVLQJWKHVRFDOOHG-LQWHJUDO7KH-LQWHJUDOLVDWZR
GLPHQVLRQDOOLQHLQWHJUDODORQJDFRXQWHUFORFNZLVHFRQWRXU*VXUURXQGLQJWKHFUDFNWLS7KH-LQWHJUDOLVGHILQHGDV
ī ī
 i ii x i
u uJ Wdy T ds Wn T ds
x x
w w   
w w³ ³   
ZKHUHWLVWKHVWUDLQHQHUJ\GHQVLW\
   
 x x y y xy xy
W V H V H V H       
DQG7LVWKHWUDFWLRQYHFWRUGHILQHGDV
> " @x x xy y xy x y yT n n n nV V V V        
VijGHQRWHVWKHVWUHVVFRPSRQHQWVHijWKHVWUDLQFRPSRQHQWVDQGQiWKHQRUPDOYHFWRUFRPSRQHQWV
7KH -LQWHJUDO KDV WKH IROORZLQJ UHODWLRQ WR WKH VWUHVV LQWHQVLW\ IDFWRU IRU DSODQH VWUHVV FDVH DQG OLQHDU HODVWLF
PDWHULDO

IKJ
E
  IK JE  
ZKHUHELV<RXQJ¶VPRGXOXV
4.2. Stress intensity factor evaluation procedure in COMSOL Multiphysics 
7KHDQDO\VLVFDOFXODWHVWKH-LQWHJUDOIRUGLIIHUHQWFRQWRXUVWUDYHUVLQJGLIIHUHQWUHJLRQVDURXQGWKHFUDFNWLSEDVHG
RQWKHSUHYLRXVUHVXOWVRI WKHUPDOVWUHVVVLPXODWLRQ7RFDOFXODWH WKH-LQWHJUDO WKHERXQGDU\LQWHJUDWLRQYDULDEOHV
DUH GHILQHG IRU WKH FRQWRXU7KLV FUHDWHV WZR YDULDEOHV IRU WKH FRQWRXU 7KH ILUVW YDULDEOH FRQWDLQV WKH LQWHJUDWHG
VWUDLQHQHUJ\GHQVLW\ZKLOHWKHVHFRQGFRQWDLQVWKHWUDFWLRQYHFWRUWLPHVWKHVSDWLDO[GHULYDWLYHRIWKHGHIRUPDWLRQ
FRPSRQHQWV 7KH VXP RI WKHVH WZR YDULDEOHV WKHQ SURYLGHV WKH -LQWHJUDO YDOXH DV D VFDODU H[SUHVVLRQ YDULDEOH
)LQDOO\WKHVWUHVVLQWHQVLW\IDFWRUFDQEHFRPSXWHGIURPWKH-LQWHJUDOYDOXHE\XVLQJDVFDODUH[SUHVVLRQYDULDEOH
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4.3. Results and discussion 
9RQ0LVHV VWUHVV GLVWULEXWLRQ DORQJ WKH WKURXJKWKLFNQHVV GLUHFWLRQ LQ WKH FUDFN WLS LV VKRZQ LQ )LJ  ,W LV
QRWLFHGWKDWWKHKLJKHVWVWUHVVRI*3DLQWKHFUDFNWLSORFDWHVDWWKHSRVLWLRQRIPDORQJWKHWKURXJKZDOO
SDWK RI WKH FUDFN+LJK VWUHVVZLOO SURGXFH WKH KLJK VWUHVV LQWHQVLW\ IDFWRU7KHUHIRUH WKHKLJKHVW VWUHVV LQWHQVLW\
IDFWRUDORQJWKHFUDFNWLSLVFDOFXODWHGDWWKLVORFDWLRQP



)LJ9RQ0LVHVVWUHVVGLVWULEXWLRQDORQJWKHWKURXJKWKLFNQHVVGLUHFWLRQLQWKHFUDFNWLS
6HYHUDO-LQWHJUDOFRQWRXUVDURXQGWKHFUDFNWLSDWWKHKLJKHVWVWUHVVORFDWLRQRIPDUHGUDZQLQ)LJ
7KH FDOFXODWHG VWUHVV LQWHQVLW\ IDFWRUV DURXQG WKH FUDFN WLS FRQVLGHULQJ WKH WHPSHUDWXUH HIIHFW DQG ZLWKRXW
FRQVLGHULQJWKHWHPSHUDWXUHHIIHFWDUHVKRZQLQ7DEOHDQG7DEOHUHVSHFWLYHO\7KHUHVXOWVIROORZWKHUXOHWKDW
WKHVWUHVVLQWHQVLI\IDFWRULVGHSHQGDQWRQWKHWHPSHUDWXUHDQGLWLVOLQHDUZLWKLQFUHDVHLQWHPSHUDWXUHDVUHSRUWHGE\
5DRHWDO>@+RZHYHUWKHLQFUHDVHGHJUHHLVQRWVLJQLILFDQWIRUWKHPHWDOWHPSHUDWXUHFKDQJHRIq&LQFXUUHQW
VLPXODWLRQ,Q7DEOHWKHVWUHVVLQWHQVLW\IDFWRUDWWKHORFDWLRQRIPLVDERXW03DÂP


=
<
;
=
=GLUHFWLRQ)URPWKHIURQWWRWKHEDFN
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
)LJ-LQWHJUDOFRQWRXUSDWK
 7DEOH6WUHVVLQWHQVLW\IDFWRUVDURXQGWKHFUDFNWLSFRQVLGHULQJWKHWHPSHUDWXUHHIIHFW
-LQWHJUDOFRQWRXUORFDWLRQ1R 6WUHVVLQWHQVLW\IDFWRU03DÂP
1R 
1R 
1R 
1R 
 7DEOH6WUHVVLQWHQVLW\IDFWRUVDURXQGWKHFUDFNWLSZLWKRXWFRQVLGHULQJWKHWHPSHUDWXUHHIIHFW
-LQWHJUDOFRQWRXUORFDWLRQ1R 6WUHVVLQWHQVLW\IDFWRU03DÂP
1R 
1R 
1R 
1R 

%DVHGRQWKHDERYHVLPXODWLRQLWLVQRWLFHGWKDWWKHKLJKHVWYDOXHRIWKHVWUHVVLQWHQVL\IDFWRU.,LQWKHFUDFNWLSLV
DURXQG03DP$IWHUOLWHUDWXUHUHYLHZLWLVIRXQGWKDWWKHIUDFWXUHWRXJKQHVV.,&RIWKHVWHHODWWKHVLPXODWHG
ORZHVWWHPSHUDWXUHLV03DP>@6RFDQZHFRQFOXGHWKDWWKHOHDNEHIRUHEUHDNFRQFHSWLVQRWVDIHZLWKWKH
-7HIIHFWLQWKLVFDVH",WLVVWLOOWRRHDUO\WRPDNHWKLVFRQFOXVLRQ7KH-7FRROLQJLVDORFDOL]HGFRROLQJHIIHFWLQWKH
YLFLQLW\RIWKHFUDFNRQWKHWHVWSODWH7KHVLJQLILFDQWEHQHILWRIWKHKHDY\ZDOORIWKHVROLGVWHHOLVWKDWLWDFWVDVD
ODUJHKHDWEXIIHU7KHUHIRUHLWZLOOWDNHDORQJWLPHWRFUHDWHDVLJQLILFDQWDUHDLQWKHPDWHULDODWORZWHPSHUDWXUH
7KLV SURFHVV FDQ EH FDOOHG ³FUDFN DUUHVW´ +RZHYHU WKH ORQJ WLPH FRQWLQXRXV OHDNDJH ZLOO FRRO WKH IUHVKO\
SURSDJDWHGFUDFNDQGGHWHULRUDWHWKHPHFKDQLFDOSURSHUWLHVRIWKHPDWHULDOHVSHFLDOO\WKHIUDFWXUHWRXJKQHVV7KHQ
WKHFUDFNZRXOGH[WHQGDJDLQ7KLVSURFHVVFDQEHQDPHGDV³FUDFNH[WHQVLRQ´7KHF\FOHRIWKH³FUDFNDUUHVW´DQG
WKH³FUDFNH[WHQVLRQ´ZLOOJUHDWO\VORZWKHVSHHGRIWKHFUDFNJURZWK7KXVGXHWRWKHHDUO\GHWHFWLRQRISUHVVXUH
ORVVGXULQJWKHSHULRGVDIHW\PHDVXUHVZLOOEHHPSOR\HGWRSUHYHQWWKHXQVWDEOHSURSDJDWLRQRIWKHFUDFNDQGDYRLG
WKHFDWDVWURSKLF IDLOXUH2Q WKHRWKHUKDQG WKH WUDGLWLRQDO IDLOXUHHYDOXDWLRQFULWHULDPD\QRWEHDSSOLFDEOH WR WKH
WKURXJKWKLFNQHVVFUDFN7KHDXWKRUFRQMHFWXUHVWKDWWKHVWUXFWXUHPLJKWEHJLQWRIUDFWXUHZKHQWKHVWUHVVLQWHQVLI\
-LQWHJUDOFRQWRXU1R
-LQWHJUDOFRQWRXU1R
-LQWHJUDOFRQWRXU1R
-LQWHJUDOFRQWRXU1R
&UDFNWLSOLQH
+LJKHVWVWUHVVOLQH
1357 G. Ai and Y.H. Liu /  Procedia Engineering  130 ( 2015 )  1343 – 1358 
IDFWRULQWKHFHQWUDOSDUWLQWKHFUDFNWLSOLQHDOVRH[FHHGVWKHIUDFWXUHWRXJKQHVVRIWKHPDWHULDODVVKRZQLQ)LJ
7KHUHIRUHIXUWKHUVWXG\LVQHHGHGWRILQGDSSURSULDWHHYDOXWLRQFULWHULDRIWKHIDLOXUHIRUWKHSUHVVXUHYHVVHOZLWKD
WKURXJKWKLFNQHVVFUDFNE\FRQVLGHULQJWKH-7FRROLQJHIIHFW2QFHWKH/%%RFFXUVLQWKHVWHHOVWUXFWXUHWKHSDUWRI
KLJKVWUHVVHVFRQFHQWUDWHGLQWKHFUDFNWLSZLOOEHUHOHDVHGTXLFNO\$WWKLVPRPHQWWKHSUHVVXUHYHVVHOZLOOEHPXFK
VDIHUWKDQZKHQWKHSUHVVXUHYHVVHOKDYHQRWUHDFKHGWKHOHDNDJHVWDJH,WZRXOGQHHGDUHODWLYHORQJWLPHWRUHDFK
WKH ILQDO XQVWDEOH FUDFN SURSDJDWLRQ GXH WR WKH UHOHDVH RI HQHUJ\ 7KLV LV WKH FRUH RI WKH OHDNEHIRUHEUHDN
SKLORVRSK\$VWKHIUDFWXUH WRXJKQHVVRIVWHHOV LV WHPSHUDWXUHGHSHQGHQW>@  WKHORZWHPSHUDWXUHFDXVHGE\-7
FRROLQJHIIHFWZRXOGGHILQLWHO\DIIHFWWKHYDOLGLW\RI/%%SKLORVRSK\7KHUHIRUHWKHIXUWKHUVWXG\DERXWWKHLPSDFW
RIWKH-RXOH7KRPVRQFRROLQJHIIHFWRQWKHOHDNEHIRUHEUHDNDSSURDFKLVQHFHVVDU\WREHWWHUJXDUDQWHHWKHLQWHJULW\
RIWKHSUHVVXUHYHVVHO

)LJ9RQ0LVHVVWUHVVGLVWULEXWLRQLQWKHYLFLQLW\RIWKHFUDFN
&RQFOXVLRQV
7KLVSDSHUKDVSUHVHQWHGWKHZRUNRQWKHFDOFXODWLRQDQGVLPXODWLRQRIWKHWHPSHUDWXUHVWUHVVDQGVWUHVVLQWHQVLW\
IDFWRU LQ WKH WHVWSODWHXQGHU WKH LQWHUQDOSUHVVXUHRIEDU LQVLGH WKHSUHVVXUHYHVVHOE\FRQVLGHULQJ WKH -RXOH
7KRPVRQFRROLQJHIIHFWGXULQJDOHDNDQGWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQDVIROORZV
7KHWHPSHUDWXUHRIOHDNLQJDUJRQIDOOVUDSLGO\DORQJWKHFUDFNWKURXJKZDOOSRVLWLRQIURPLQVLGHWRRXWVLGHWKH
SUHVVXUHYHVVHO7KHWHPSHUDWXUHRIOHDNLQJDUJRQIDOOVIURPq&DWWKHHQWUDQFHRIWKHFUDFNWRq&DWWKHH[LW
RIWKHFUDFN
 7KH KHDW WUDQVIHU VLPXODWLRQ VKRZV WKDW WKH ORZHVW WHPSHUDWXUHV LQ WKH WHVW SODWH LV  q& 7KH WRWDO
WHPSHUDWXUHGURSRIWKHWHVWSODWHFDXVHGE\WKH-7FRROLQJHIIHFWLVq&7KHORZHVWWHPSHUDWXUHRIq&LQ
WKHYLFLQLW\RIFUDFNZLOOGHWHULRUDWHWKHVWHHO¶VIUDFWXUHWRXJKQHVVWRVRPHH[WHQW,QWKLVVLWXDWLRQWKHPDWHULDOPD\
EHLQWKHGDQJHURXVVWDJHRIGXFWLOHEULWWOHWUDQVLWLRQ
6WUHVV LQWHQVLW\IDFWRUFDOFXODWLRQVKRZVWKDW WKHKLJKHVWVWUHVV LQWHQVLW\IDFWRUDORQJ WKHFUDFN WLS LVDERXW
03DÂPZKLFK LVPXFK KLJKHU WKDQ WKH IUDFWXUH WRXJKQHVV RI WKH VWHHO DW VDPH ORZ WHPSHUDWXUH+RZHYHU WKH
SUHVVXUHYHVVHOIDLOVWRXQGHUJRWKHFDWDVWURSKLFIDLOXUH,WLVEHFDXVHWKDWWKH-7FRROLQJLVDORFDOL]HGFRROLQJHIIHFW
LQWKHYLFLQLW\RIWKHFUDFNRQWKHWHVWSODWH7KHVLJQLILFDQWEHQHILWRIWKHKHDY\ZDOORIWKHVROLGVWHHOLVWKDWLWDFWV
DV D ODUJH KHDW EXIIHU 7KHUHIRUH LW ZLOO WDNH D ORQJ WLPH WR FUHDWH D VLJQLILFDQW DUHD LQ WKH PDWHULDO DW ORZ
WHPSHUDWXUH+RZHYHUWKHVLWXDWLRQZLOOEHFRPHGDQJHURXVZKHQKLJKSUHVVXUHJDVHVDUHVWRUHGLQSUHVVXUHYHVVHOV
ZLWKODUJHYROXPHRUORQJGLVWDQFHSLSHOLQHVORFDWHGLQFROGDUHDVDVWKHORQJFRQWLQXRXVOHDNZLOOILQDOO\IUHH]HWKH
VXUURXQGLQJPHWDODQGORZHULWVIUDFWXUHWRXJKQHVV
&UDFNWLSOLQH
&HQWUDOSDUWRIWKHFUDFNWLSOLQH
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